TITLE OF INVENTION 



Receiving Apparatus 
BACKGROUND OF INVENTION 

FIELD OF INVENTION 

[0001] The present invention pertains to a receiving apparatus which may be used in 
Bluetooth and/or other such wireless communication equipment carrying out transmitting 
and/or receiving. 
CONVENTIONAL ART 

[0002] Conventional proposals for receiving apparatuses capable of receiving wireless 
signals modulated by means of FSK (frequency shift keying) or the like include apparatuses 
having the circuit structure shown in FIG. 6, as disclosed for example at Japanese Patent 
Application Publication Kokai No.2002-290178 (2002). 

[0003] At the receiving apparatus shown in FIG. 6, a received RF (radio frequency) signal 
input from antenna 301 is amplified by LNA (low noise amplifier) 302 and is thereafter, at 
mixer 303, mixed with a local signal output from VCO (voltage-controlled oscillator) 304 
and is converted into an IF (intermediate frequency) signal. The IF signal produced as a result 
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of conversion is input at variable gain amplifier 305. At such time, variable gain amplifier 
305 is set to its maximum gain. 

[0004] The output signal from variable gain amplifier 305 branches into two output signal 
lines, one of which is input at level detection circuit 306. Level detection circuit 306 outputs 
5 a DC (direct current) voltage corresponding to the level of the signal output from variable 
gain amplifier 305. The signal output from level detection circuit 306 is input at comparing 
circuit 307. 

[0005] Comparing circuit 307 compares the DC voltage output by level detection circuit 306 
with a reference DC voltage, outputting an output signal when the DC voltage output by level 

10 detection circuit 306 is higher than the reference voltage that is inverted relative to the output 
signal which it outputs when the DC voltage output by level detection circuit 306 is lower 
than the reference voltage, decreasing the gain of variable gain amplifier 305. As a result, an 
IF signal can be obtained without saturation of the output level of variable gain amplifier 305, 
even under conditions of forced input of the signal received from antenna 301. 

15 [0006] The other of the two output signal lines from variable gain amplifier 305 is acted upon 
by limiter amplifier 308 and the signal output therefrom is made to possess constant output 
amplitude. The output from limiter amplifier 308 branches into two lines, one of which is 
input at demodulating mixer 310. The other output line from limiter amplifier 308 is input at 
phase circuit 309 and is shifted in phase by 90°. 

20 [0007] As a result of multiplication, at demodulating mixer 3 10, of the output from this 

phase circuit 309 and the output from this limiter amplifier 308, a demodulated analog signal 
is output from demodulating mixer 310. While the demodulated analog signal contains high- 
frequency signal and carrier components produced as a result of multiplication, such high- 
frequency signal and carrier components are removed by means of LPF (low pass filter) 311. 

25 The demodulated analog output from LPF 3 1 1 is input at binarizing circuit 312. 

[0008] Binarizing circuit 312 comprises slice level detection circuit 313 and comparing 
circuit 314. Slice level detection circuit 313 generates an optimum slice level in 
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correspondence to the signal input thereto. Comparing circuit 314 compares the output from 
slice level detection circuit 313 and the output from LPF 311, performing binarization and 
outputting a binary signal. 

[0009] Next, specific examples of binarizing circuits which may be employed in receiving 
apparatuses are shown in FIGS. 7 and 8. 

[0010] FIG. 7 is an example of a binarizing circuit making use of demodulated signal 
minimum and maximum hold values. 

[001 1] At binarizing circuit 401 shown in FIG. 7, the demodulated signal is respectively 
input at minimum value detection circuit 404 and at maximum value detection circuit 403 of 
slice level detection circuit 402, the peak minimum value thereof being stored at minimum 
value detection circuit 404 and the peak maximum value thereof being stored at maximum 
value detection circuit 403. This peak minimum value and this peak maximum value are 
added together at adding circuit 405, the value produced as a result of this operation being 
halved at amplifier 406. 

[0012] As a result of the foregoing operations, slice level detection circuit 402 outputs [(peak 
minimum value + peak maximum value)/2], this output being input at comparing circuit 407. 
Comparing circuit 407 carries out binarization by comparing the magnitude of the 
demodulated signal and the magnitude of the output from slice level detection circuit 402. 
[0013] At binarizing circuit 501 shown in FIG. 8, the demodulated signal is input at adding 
circuit 502. The output from adding circuit 502 branches into two lines, the signal from one 
of which is input at offset canceler circuit 503. Offset canceler circuit 503 outputs a signal in 
accordance with the input/output characteristics of Formula ( 1 ). 
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The output from offset canceler circuit 503 is input at integrating circuit 504. The output 
from integrating circuit 504 is input at adding circuit 502 and is added to the original 
demodulated signal. 

[0015] As a result of the foregoing operations, the output from adding circuit 502 is 
5 converted into a signal which is centered on the value "0". The other signal line from adding 
circuit 502 is input at sign determining circuit 505, the sign of the signal input thereto being 
used to carry out binarization. 

[0016] A receiving apparatus having the circuit structure shown in FIG. 6 permits attainment 
of wide input dynamic range. Furthermore, with such a receiving apparatus, it is possible by 

10 employing a binarizing circuit of structure as shown in FIG. 7 and/or 8 to accurately carry out 
binarization while still being able to accommodate sudden changes in DC level. 
[0017] However, with a receiving apparatus of circuit structure such as is shown in FIG. 6, 
because the gain of the variable gain amplifier is switched discontinuously, noise is produced 
in the output of the variable gain amplifier during switching of the gain thereof. This noise 

15 will also affect the limiter amplifier which is downstream therefrom, as well as components 
downstream from the limiter amplifier. That is, presence of noise in the output from the 
variable gain amplifier will cause the slice level detection circuit to output a slice level which 
is different from the slice level that it would otherwise output, causing deterioration in the 
BER (bit error rate). 

20 [001 8] For example, taking the case of a receiving apparatus provided with the binarizing 
circuit of FIG. 7, as indicated in the output waveform diagram of FIG. 9, presence of noise 
due to switching of gain will cause the output (slice level) from amplifier 406 of binarizing 
circuit 401 to, under the influence of such noise, differ from what it would otherwise be, 
producing errors. 

25 [00 19] Or taking the case of a receiving apparatus provided with the binarizing circuit of FIG. 
8, as indicated in the output waveform diagram of FIG. 10, presence of noise due to switching 
of gain will cause the output (adding circuit 502 output) from offset canceler circuit 503 of 
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binarizing circuit 501 to, under the influence of such noise, differ from what it would 
otherwise be, producing errors. 

SUMMARY OF INVENTION 

5 

[0020] The present invention was conceived in order to solve such problems, it being an 
object thereof to provide a receiving apparatus capable of eliminating or reducing the effect 
of noise produced during switching of variable gain amplifier gain so as to prevent 
deterioration in BER. 

10 [0021] In order to achieve the foregoing and/or other objects, a receiving apparatus in 

accordance with one or more embodiments of the present invention comprises one or more 
variable gain amplifiers amplifying one or more IF signals derived from one or more received 
signals; one or more level detection circuits, at least one which detects one or more levels 
output from at least one of the variable gain amplifier or amplifiers; one or more comparing 

15 circuits comparing to one or more reference levels one or more outputs from at least one of 
the level detection circuit or circuits; one or more demodulators; one or more binarizing 
circuits; one or more gain switching detection circuits detecting switching of one or more 
gains of at least one of the variable gain amplifier or amplifiers; one or more slice level 
holding circuits holding at one or more substantially constant values one or more slice levels 

20 employed by at least one of the binarizing circuit or circuits; and one or more counter 

circuits; wherein at least one gain of at least one of the variable gain amplifier or amplifiers is 
switched based on at least one result of comparison by at least one of the comparing circuit or 
circuits; and wherein, when switching of at least one of the gain or gains is detected by at 
least one of the gain switching detection circuit or circuits, at least one of the counter circuit 

25 or circuits and at least one of the slice level holding circuit or circuits cause at least one of the 
slice level or levels to be held at at least one of the substantially constant value or values for 
one or more prescribed times. 
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[0022] Receiving apparatuses in accordance with embodiment(s) of the present invention, 
because they may permit slice level(s) to be held at substantially constant value(s) during 
period(s) when noise from variable gain amplifier(s) produced during switching of gain(s) of 
variable gain amplifier(s) might otherwise exert adverse effect(s) on binarizing circuit(s), 
make it possible to at least partially render ineffective any noise occurring during switching 
of gain(s). As a result, deterioration in BER may be prevented. 

[0023] In receiving apparatus(es) in accordance with embodiment(s) of the present invention, 
variable gain amplifier(s) may also serve as BPF(s) (bandpass filter(s)). Thus, where variable 
gain amplifier(s) is or are provided with functionality permitting passage of only 
intermediate-frequency signal component(s), because it will be possible to eliminate BPF(s) 
and/or the like which might otherwise need to be provided upstream from variable gain 
amplifier(s), it will be possible to reduce the scale of circuitry and achieve miniaturization. 
[0024] In receiving apparatus(es) in accordance with embodiment(s) of the present invention, 
comparing circuit(s) may also serve as gain switching detection circuit(s). Thus, where 
comparing circuit(s), conventionally present in receiving apparatus(es), is or are also made to 
serve as gain switching detection circuit(s), this will make it possible to reduce the scale of 
circuitry and achieve miniaturization. 

[0025] In receiving apparatus(es) in accordance with embodiment(s) of the present invention, 
time(s) counted by counter circuit(s) may be variable. In accordance with such embodiments 
of the present invention, by making it possible to externally manipulate time(s) at which slice 
level(s) is or are held at substantially constant value(s), ability to change time(s) counted by 
counter circuit(s) will, even where there is variation in the timing with which switching of 
gain(s) of variable gain amplifier(s) is followed by occurrence of noise, make it possible to 
adjust time(s) at which slice level(s) is or are held at substantially constant value(s) in 
correspondence to such variation. Moreover, such adjustment/manipulation may be 
implemented after manufacture of product. 
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[0026] A receiving apparatus in accordance with one or more embodiments of the present 
invention may be such that binarizing circuit(s) comprise one or more minimum value 
detection circuits and one or more maximum value detection circuits accepting input of one 
or more demodulated signals from at least one of the demodulator or demodulators by way of 

5 one or more demodulated signal holding circuits and respectively detecting one or more 

minimum values and one or more maximum values of at least one of the demodulated signal 
or signals input thereto; one or more adding circuits adding at least one of the minimum value 
or values and at least one of the maximum value or values; one or more amplifiers 
substantially halving at least one output of at least one of the adding circuit or circuits; and 

10 one or more comparing circuits carrying out binarization by comparing at least one 

magnitude of at least one output from at least one of the amplifier or amplifiers and at least 
one magnitude of at least one of the demodulated signal or signals from at least one of the 
demodulator or demodulators; at least one of the demodulated signal holding circuit or 
circuits functioning as at least one of the slice level holding circuit or circuits. 

15 [0027] In accordance with such embodiments of the present invention, in a receiving 
apparatus configured such that binarizing circuit(s) may utilize minimum value(s) and 
maximum value(s) in detecting slice level(s), signal(s) input at minimum value detection 
circuit(s) and maximum value detection circuit(s) may be held at substantially constant 
value(s) while noise is present, making it possible to achieve prevention of deterioration in 

20 BER due to noise. 

[0028] A receiving apparatus in accordance with one or more embodiments of the present 
invention may be such that binarizing circuit(s) comprise one or more offset canceler circuits 
outputting, when one or more signals input thereto is or are less than one or more lower 
cutoff values, at least one signal corresponding to at least one amount by which at least one of 

25 the signal or signals input thereto is less than at least one of the lower cutoff value or values, 
and/or outputting, when one or more signals input thereto is or Eire greater than one or more 
upper cutoff values, at least one signal corresponding to at least one amount by which at least 
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one of the signal or signals input thereto is greater than at least one of the upper cutoff value 
or values; one or more integrating circuits integrating at least one of the output or outputs 
therefrom; one or more offset canceler output holding circuits provided between at least one 
of the offset canceler circuit or circuits and at least one of the integrating circuit or circuits; 
5 one or more adding circuits adding and feeding back one or more outputs from at least one of 
the integrating circuit or circuits to one or more input signals; and one or more sign 
determining circuits using the sign of at least one signal output from at least one of the adding 
circuit or circuits to carry out binarization; at least one of the offset canceler output holding 
circuit or circuits functioning as at least one of the slice level holding circuit or circuits. 

10 [0029] Such embodiments of the present invention, in the context of a receiving apparatus 
provided with binarizing circuit(s) of structure as shown in FIG. 8, achieve prevention of 
deterioration in BER due to noise by virtue of the fact that output(s) of offset canceler(s) may 
be held at substantially constant value(s) while noise is present, such embodiments of the 
present invention permitting prevention of deterioration in BER attributable to noise resulting 

15 from switching of gain(s) while being provided with binarizing circuit(s) capable of 

accurately carrying out binarization notwithstanding any sudden change(s) in DC offset(s) 
which may occur. 

[0030] Thus, because receiving apparatuses in accordance with embodiments of the present 
invention may — by holding slice level(s) employed at binarizing circuit(s) at substantially 

20 constant value(s) for prescribed time(s) from point(s) in time when timing(s) indicating 
altered gain(s) of variable gain amplifier(s) is or are detected, i.e., during period(s) when 
noise produced by variable gain amplifier(s) might otherwise exert adverse effect(s) on 
binarizing circuit(s) — prevent abnormal operation of binarizing circuit(s), it is possible to 
prevent deterioration in BER attributable to noise produced during switching of gain(s) while 

25 permitting attainment of wide input dynamic range. 

BRIEF DESCRIPTION OF DRAWINGS 
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[0031] FIG. 1 is a block diagram showing the structure of an embodiment of the receiving 
apparatus of the present invention. 

[0032] FIG. 2 is a block diagram showing the structure of a binarizing circuit employed in 
5 another embodiment of the receiving apparatus of the present invention. 

[0033] FIG. 3 is a drawing showing waveforms output by respective blocks in the block 
diagram of the binarizing circuit shown in FIG. 2. 

[0034] FIG. 4 is a block diagram showing the structure of a binarizing circuit employed in a 
different embodiment of the receiving apparatus of the present invention. 
10 [0035] FIG. 5 is a drawing showing waveforms output by respective blocks in the block 
diagram of the binarizing circuit shown in FIG. 4. 

[0036] FIG. 6 is a block diagram showing the structure of a conventional receiving apparatus. 
[0037] FIG. 7 is a block diagram showing an example of a binarizing circuit employed in a 
conventional receiving apparatus. 
15 [0038] FIG. 8 is a block diagram showing another example of a binarizing circuit employed 
in a conventional receiving apparatus. 

[0039] FIG. 9 is a drawing showing waveforms output by respective blocks in the block 
diagram of the binarizing circuit shown in FIG. 7. 

[0040] FIG. 10 is a drawing showing waveforms output by respective blocks in the block 
20 diagram of the binarizing circuit shown in FIG. 8. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0041] Below, embodiments of the present invention are described with reference to the 
25 drawings. 

[0042] EMBODIMENT 1 
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FIG. 1 is a block diagram showing the structure of a receiving apparatus in accordance with 
an embodiment of the present invention. 

[0043] As at the receiving apparatus shown in FIG. 6, the receiving apparatus shown in FIG. 
1 is provided with antenna 1, LNA 2, mixer 3, VCO 4, variable gain amplifier 5, level 

5 detection circuit 6, comparing circuit 7, limiter amplifier 8, phase circuit 9, demodulating 
mixer 10, LPF 1 1, and also with binarizing circuit 12 having slice level detection circuit 13 
and comparing circuit 15; but characteristic of the receiving apparatus shown in FIG. 1 is the 
fact that, in addition to structure corresponding to the elements at the receiving apparatus 
shown in FIG. 6, counter circuit 16 and slice level holding circuit 14 (installed at binarizing 

10 circuit 12) are also provided. Slice level holding circuit 14 is disposed between comparing 
circuit 15 and slice level detection circuit 13 of binarizing circuit 12. 
[0044] Next, operation of this embodiment is described below. 

[0045] A received RF signal input from antenna 1 is amplified by LNA 2 and is thereafter, at 
mixer 3, mixed with a local signed output from VCO 4 and is converted into an IF signal. The 
15 IF signal produced as a result of conversion is input at variable gain amplifier 5, which is set 
to its maximum gain. 

[0046] The output from variable gain amplifier 5 branches into two output lines, one of 
which is input at level detection circuit 6. Level detection circuit 6 outputs a DC voltage 
corresponding to the level of the signal output from variable gain amplifier 5. The signal 

20 output from level detection circuit 6 is input at comparing circuit 7. 

[0047] Comparing circuit 7 compares the DC voltage output by level detection circuit 6 and a 
reference DC voltage, outputting an output signal when the DC voltage output by level 
detection circuit 6 is higher than the reference voltage that is inverted relative to the output 
signal which it outputs when the DC voltage output by level detection circuit 6 is lower than 

25 the reference voltage, decreasing the gain of variable gain amplifier 5. Simultaneous 
therewith, output from comparing circuit 7 is input at counter circuit 16. 
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[0048] Under ordinary circumstances, counter circuit 16 inverts the sign of the output 
therefrom for a prescribed time defined relative to the point in time when the sign of the 
output from comparing circuit 7 goes inverted. For the purposes of the present example, the 
sense of the output from counter circuit 16 will be taken to ordinarily be LOW, the output 
therefrom being HIGH for a prescribed time starting from the point in time when the sign of 
the output of comparing circuit 7 goes inverted. The output from counter circuit 1 6 is input at 
slice level holding circuit 14. Note also that the time (prescribed time) counted by counter 
circuit 16 will be taken to be a time corresponding to the time during which noise produced 
by variable gain amplifier 5 would otherwise exert adverse effect on binarizing circuit 12. 
[0049] The other of the two output signal lines from variable gain amplifier 5 is acted upon 
by limiter amplifier 8 and the signal output therefrom is made to possess constant output 
amplitude. The output from limiter amplifier 8 branches into two lines, one of which is input 
at demodulating mixer 10. The other output line from limiter amplifier 8 is input at phase 
circuit 9 and is shifted in phase by 90°. 

[0050] The output from phase circuit 9 and the output from limiter amplifier 8 are multiplied 
together by demodulating mixer 10, as a result of which a demodulated analog signal is 
output from demodulating mixer 1 0. As the demodulated analog signal contains high- 
frequency signal and carrier components produced as a result of multiplication, such high- 
frequency signal and carrier components are removed by means of LPF 1 1 . The demodulated 
analog output from this LPF 1 1 is input at binarizing circuit 12. 

[0051] Slice level detection circuit 13 of binarizing circuit 12 generates an optimum slice 
level in correspondence to the signal input thereto. The output from slice level detection 
circuit 13 is input at slice level holding circuit 14. 

[0052] When the output of counter circuit 16 is LOW, slice level holding circuit 14 outputs 
in substantially unaltered fashion the same signal which is input thereto; but when the output 
of counter circuit 16 is HIGH, slice level holding circuit 14 causes the output therefrom to be 
held at substantially constant value (i.e., the slice level is held at substantially constant value). 
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Comparing circuit 15 compares the output from slice level detection circuit 14 (the output 
from slice level detection circuit 13) and the output from LPF 11, performing binarization 
and outputting a binary signal. 

[0053] In accordance with the present embodiment, because, as described above, the output 
from counter circuit 16 is made HIGH, causing the slice level to be held at substantially 
constant value, for a prescribed time (the period when noise produced by variable gain 
amplifier 5 might otherwise exert adverse effect on binarizing circuit 12) from point(s) in 
time when the output of comparing circuit 7 is inverted, i.e., from point(s) in time when the 
gain of variable gain amplifier 5 is switched, it is possible to at least partially render 
ineffective any noise occurring during switching of gain and it is possible to prevent 
abnormal operation of binarizing circuit 12. As a result, deterioration in BER can be 
prevented. 

[0054] EMBODIMENT 2 

FIG. 2 is a block diagram showing the structure of a binarizing circuit in another embodiment 
of the receiving apparatus of the present invention. Note that since, except for the binarizing 
circuit, the constitution of the receiving apparatus of the present embodiment is in other 
respects identical to that of the constitution of the respective components in the foregoing 
first embodiment, detailed description thereof will be omitted. 

[0055] Binarizing circuit 101 of FIG. 2, like the binarizing circuit shown in FIG. 7, is 
equipped with slice level detection circuit 102 and comparing circuit 108. Slice level 
detection circuit 102 is provided with minimum value detection circuit 105, maximum value 
detection circuit 104, adding circuit 106, and amplifier 107; and in addition to such structure, 
is moreover provided with demodulated signal holding circuit 103 at the input stage thereof. 
[0056] Next, operation of this embodiment will be described. 

[0057] A demodulated signal is generated as a result of operations similar to those at the 
foregoing first embodiment, this demodulated signal being input at demodulated signal 
holding circuit 103 of slice level detection circuit 102. Demodulated signal holding circuit 
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103, like slice level holding circuit 14 in the foregoing first embodiment, outputs in 
substantially unaltered fashion the same signal which is input thereto when the output of 
counter circuit 16 is LOW, but causes the output therefrom to be held at substantially 
constant value when the output of counter circuit 16 is HIGH. 

5 [0058] The output (demodulated signal) from demodulated signal holding circuit 103 is 

respectively input at minimum value detection circuit 105 and at maximum value detection 
circuit 104, the peak minimum value thereof being stored at minimum value detection circuit 
105 and the peak maximum value thereof being stored at maximum value detection circuit 

104. This peak minimum value and this peak maximum value are added together at adding 
10 circuit 106, the value produced as a result of this operation being halved at amplifier 107. 

[0059] As a result of the foregoing operations, slice level detection circuit 102 outputs [(peak 
minimum value of output from demodulated signal holding circuit 103 + peak maximum 
value of output from same circuit)/2], the output signal therefrom being input at comparing 
circuit 108. Comparing circuit 108 carries out binarization by comparing the magnitude of the 

15 demodulated signal and the magnitude of the output from slice level detection circuit 102. 
[0060] Moreover, in the present embodiment, due to the fact that, as indicated in the output 
waveform diagram of FIG. 3, the output from counter circuit 16 is made HIGH, causing the 
signal which is input at minimum value detection circuit 105 and maximum value detection 
circuit 104 to be held at substantially constant value, for prescribed time T (the period when 

20 noise produced by variable gain amplifier 5 might otherwise exert adverse effect on 

binarizing circuit 101) from point(s) in time when the output of comparing circuit 7 is 
inverted, i.e., from point(s) in time when the gain of variable gain amplifier 5 is switched, 
abnormal operation of binarizing circuit 101 is prevented and deterioration in BER is 
prevented. 

25 [006 1 ] EMBODIMENT 3 

FIG. 4 is a block diagram showing the structure of a binarizing circuit in a different 
embodiment of the receiving apparatus of the present invention. Note that since, except for 
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the binarizing circuit, the constitution of the receiving apparatus of the present embodiment is 
in other respects identical to that of the constitution of the respective components in the 
foregoing first embodiment, detailed description thereof will be omitted. 
[0062] Binarizing circuit 201 of FIG. 4, like the binarizing circuit shown in FIG. 8, is 
5 equipped with adding circuit 202, offset canceler circuit 203, integrating circuit 205, and sign 
determining circuit 206; and in addition to such structure, is moreover provided with offset 
canceler output holding circuit 204. Offset canceler output holding circuit 204 is disposed 
between offset canceler circuit 203 and integrating circuit 205. 
[0063] Next, operation of this embodiment will be described. 

10 [0064] A demodulated signal is generated as a result of operations similar to those at the 
foregoing first embodiment, this demodulated signal being input at adding circuit 202 of 
binarizing circuit 201 . The output from adding circuit 202 branches into two lines, the signal 
from one of which is input at offset canceler circuit 203. Offset canceler circuit 203 outputs a 
signal in accordance with the input/output characteristics of Formula (2). 

15 [0065] 

- input + A (input > A) 

output =0 (-A< input < A) (A: cutoff value (constant)) 

- input - A (input < -A) 

(2) 

20 The output from offset canceler circuit 203 is input at offset canceler output holding circuit 
204. Offset canceler output holding circuit 204, like slice level holding circuit 14 in the 
foregoing first embodiment, outputs in substantially unaltered fashion the same signal which 
is input thereto when the output of counter circuit 16 is LOW, but causes the output 
therefrom to be held at substantially constant value when the output of counter circuit 16 is 

25 HIGH. The output from offset canceler output holding circuit 204 (the output from offset 
canceler circuit 203) is input at integrating circuit 205. The output from integrating circuit 
205 is input at adding circuit 202 and is added to the original demodulated signal. 
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[0066] As a result of the foregoing operations, the output from adding circuit 202 is 
converted into a signal which is centered on the value "0". The other signal line from adding 
circuit 202 is input at sign determining circuit 206, the sign of the signal input thereto being 
used to carry out binarization. 

[0067] Moreover, in the present embodiment, due to the fact that, as indicated in the output 
waveform diagram of FIG. 5, the output from counter circuit 16 is made HIGH, causing the 
output from offset canceler circuit 203 (the output from adding circuit 202) to be held at 
; substantially constant value, for prescribed time T (the period when noise produced by the 
variable gain amplifier might otherwise exert adverse effect on binarizing circuit 201) from 
point(s) in time when the output of comparing circuit 7 is inverted, i.e., from point(s) in time 
when the gain of variable gain amplifier 5 is switched, abnormal operation of binarizing 
circuit 201 is prevented and deterioration in BER is prevented. 
[0068] Accordingly, the present embodiment permits attainment of prevention of 
deterioration in BER attributable to noise resulting from switching of gain(s) while it is at the 
same time provided with binarizing circuit(s) capable of accurately carrying out binarization 
notwithstanding any sudden change(s) in DC offset(s) which may occur. 
[0069] Note, moreover, that in the foregoing respective embodiments, variable gain amplifier 
5 may also serve as BPF(s). Furthermore, time(s) counted by counter circuit 16 may be made 
variable, and it is also possible to make such counted time(s) capable of being changed by 
external manipulation. 

[0070] Furthermore, whereas, in the foregoing respective embodiments, comparing circuit 7 
also served as gain switching detection circuit(s), it is possible to provide comparing 
circuit(s) and gain switching detection circuit(s) in the form of respectively separate 
components. 

[0071] The present invention may be embodied in a wide variety of forms other than those 
presented herein without departing from the spirit or essential characteristics thereof. The 
foregoing embodiments and working examples, therefore, are in all respects merely 
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illustrative and are not to be construed in limiting fashion. The scope of the present invention 
being as indicated by the claims, it is not to be constrained in any way whatsoever by the 
body of the specification. All modifications and changes within the range of equivalents of 
the claims are moreover within the scope of the present invention. 
5 [0072] Moreover, the present application claims right of benefit of prior filing date of 

Japanese Patent Application No. 2003-082914, the content of which is incorporated herein by 
reference in its entirety. Furthermore, all references cited in the present specification are 
specifically incorporated herein by reference in their entirety. 
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